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Indian Standard 



GUIDE FOR TREATMENT OF 
DISTILLERY EFFLUENTS 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institution 
on 23 April 1976, after the draft finalized by the Water Sectional 
Committee had been approved by the Chemical Division Council. 

0.2 There is a large nvimbcr of distilleries in India. Because of distilleries 
being located, generally in close proximity to sugar mills, in rural areas 
where there arc no large water courses for effective disposal of the effluents 
by dilution, severe pollution of small rivers and foul smell in the vicinity of 
distilleries are commonly experienced. The distillery industry, public 
health officials and other regulatory agencies recognize the problem and 
are anxious for abatement of pollution and nuisance created by these 
effluents. 

0.3 Considerable work has been clone in this country and abroad on 
proper treatment and disposal of these effluents and information and data 
on the subject arc now available. A list of relevant references is given in 
Appendix A for information. These data and information have formed 
the basis for the preparation of this standard. While realizing that any 
effluent treatment process has the inherent scope for being further 
improved, the .Committee responsible for the preparation of this standard 
has given careful consideration to the feasibility of the methods available 
in literature and has been of the view that effective measures can now be 
taken by distilleries for abatement of pollution occurring in areas where 
they are located. It is hoped that distilleries, public health authorities and 
other agencies concerned with water pollution control in different parts of 
the country will find this standard useful. 

0.4 In spite of the distillery operations having been standardized and the 
distilleries practising them fairly uniformly, the volume of effluent and its 
pollutional load vary considerably from one distillery to another for the 
same capacity. These variations are due to various causes, principal 
among which are housekeeping, condition of plant and machinery, mode 
of their operation, and water use. In view of this, the committee has 
refrained from incorporating in this standard cost figures of a treatment plant 
based on any particular process. It is intended that each distillery will 
select the treatment process best suited to its local conditions. 
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0.5 The object of this standard is to compile information on methods of 
treatment of distillery effluents and to make definite recommendations for 
their treatment in this country. The standard docs not seek to provide 
detailed information on the working of a distillery or on the designing and 
operation of the effluent treatment plant. Further, the methods recom- 
mended for adoption have been selected taking into consideration the 
practicabiKty of their adoption by the industry. When better and more 
economic methods of treatment become available, revision of this standard 
will be taken up. 

0.6 It is recommended that distilleries located near the sea may preferably 
discharge their effluents into the marine coastal area rather than into 
inland surface water. The extent of pollution of marine coastal areas 
permitted by discharge of effluents is laid down in IS : 7967-197G*. 

0-7 The extent of pollution of inland surface waters permitted by discharge 
of effluents is laid down in IS : 2296-1974t. The following Indian 
Standards lay down tolerance limits for industrial effluents: 

IS : 2490 (Part I )-1974 Tolerance limits for industrial effluents 

discharged into inland surface waters: Part I General limits [first 

revision ) 
IS: 2490 (Part II)-1974 Tolerance limits for industrial effluents 

discharged into inland surface waters: Part II Distillery industry 

( first revision ) 
IS : 3:500-1974 Tolerance limits for industrial effluents discharged 

into public sewers {first revision ) 
IS: 3307- 19G5 Tolerance limits for industrial effluents discharged on 

land for irrigation purposes 
IS:79Gu-1976 Tolerance limits for industrial effluents discharged 

into marine coastal areas 

0,8 Methods of sampling and test for industrial effluents are covered in 
various parts of IS : 2488 J. 

1. SCOPE 

1.1 This standard covers methods of treatment and disposal of effluents of 
distilleries. It is a compilation of available data and information on 
sources, nature, volumes and poUutional effects of the effluents, ways of waste 
prevention and methods of their treatment and disposal. 



♦Criteria for controlling pollution of marine coastal areas. 

tTolerance limits for inland surface waters subject to pollution {first revision ). 

JMethods of sampling and test for industrial effluents: 

Part 1-1966 PartIV-1974 

Part 11-1968 PartV-1976 

Part III-1968 



1.1.1 Distilleries manufacture alcohol from various natural products. 
Distilleries in India are primarily engaged in the production of alcoholic 
beverages from grains and industrial alcohol from molasses. Waste treat- 
ment and disposal problems of breweries and factories producing yeast 
from molasses will be dealt with in other Indian Standards. 

2. DESCRIPTION OF PROCESSES INVOLVED IN DISTILLERIES 

2.1 In making whisky and other alcoholic beverages from malt and 
molasses, the conditions are so adjusted as to result in maximum yield of 
alcohol. Different kinds of raw materials, such as barley, wheat, maize, 
mahua flowers, etc, arc used for making the wort. Wort is then distilled. 
The residues from the distillation process together with Uk; wastes prodiuu^d 
in preparing the wort constitute the waste waters discharged fiom the 
distilleries. 

2.2 The process of manufacture of alcohol from molasses is mainly used for 
the production of industrial alcohol in this country. The molass(;s an; 
diluted with water. The molasses arc then allowed to ferment under 
controlled conditions of temperature and /»H. Nutrient supplements in the 
form of ammonium sulphate or urea are also added. Yeast sludge 
containing about 30 percent solids settles down in the fermentation vats and 
constitutes a major source of waste. The liquid is then distilled for 
recovery of alcohol. The residues which are known as ' spent wash ' which 
is hot when discharged, constitute the important source of waste watct 
from the molasses distillery. Other waste waters originate from the 
washing of the lloors, presses, fermentation vats and other equipment. 

3. SOURCES, VOLUME AND CHARACTER OF EFFLUENTS 

3.1 In the production of alcohol from molaisscs, 3 to 10 kg of molasses are 
used for producing I litre of alcohol; and for each litre of alcohol about 
10 to 15 litres of spent wash is produced. The distillery spent wash is hot, 
highly coloured and acidic, apart from containing high percentage of 
dissolved inorganic and organic matter, the latter being particularly responsi- 
ble for high biochemical oxygen demand ( BOD ) and the polluting nature 
of the waste. Spent wash of Indian distilleries also contains higher amount 
of potash as compared to those from distilleries abroad. Table 1 shows the 
average characteristics of the spent wash of Indian distilleries. 

3.2 The yeast sludge in fermentation vats Is another source of strong waste 
in a distillery, but this waste and other wash waters are discliarged along 
with the dealcoholized spent wash. The cooling and condenser waters are 
generally six times the volume of the spent wash and cfjutain little 
contamination since they arc used in surfaf c ccjndcnsers. 

3.3 Total \vaste volume is GO to 100 litres j)cr litre of alcolioi produced. 
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TABLE 1 



CHARACTERISTICS OF SPENT WASH OF MOLASSES 
DISTILLERIES IN INDIA 



{ Clause 3A) 
( All values except pH. and BOD are expressed as percent. ) 



Sl 


Characteristic 


From Literature^ 


Data from 15 


No. 






Factories Sur- 
veyed BY/NEERP 


(1) 


(2) 


(3) 


(4) 


i) 


pH value 


4-5 to 5-0 


3-0 to 5-4 


ii) 


Total solids 


8 to 9 


0-15 to 10-4 


iii) 


Volatile solids 


5-3 to 6-0 


O-U to 7-5 


iv) 


Ash 


2-7 to 3-0 


0-02 to 2-2 


V) 


Calcium ( as CaO ) 


0-26 to 0-4 


— 


vi) 


Potash ( as KaO ) ( see Note ) 


06 to 1-5 


0-03 to 0-72 
( 7 factories ) 


vii) 


Sodium salts ( as NajO ) 


0-15 to 0-2 


— 


viii) 


Iron, etc ( as hydroxides ) 


0-01 to 0-03 


— 


ix) 


Acid insolubles 


0-1 to 0-15 


— 


X) 


BOD ( 5 days at 20°C ), mg/1 


30 000 to 70 000 


10 000 to 73 000 


xi) 


Phosphorus ( as P ) 


— 


0-1 to 1-0 


xii) 


Nitrogen ( as N ) 


— 


0-01 to 1-5 


Note — In general potash content ranges between 7 to 15 percent 


of the total solids. 



4. POLLUTIONAL EFFECTS 

4.1 The pollutional effects of distillery wastes arc due to high biochemical 
oxygen demand and colour. Stagnation of the effluent on land results in 
obnoxious conditions in the region. If the soil is porous the effluents may 
also affect ground water quality. Discharge of untreated distillery 
effluents into water courses results in rapid depiction of oxygen content 
of water, making the environment unfit for fish life. The effluent may also 
impart colour and odour to the water and result in unsightly conditions in 
the water course. 

5. METHODS OF TREATMENT, UTILIZATION AND DISPOSAL 

5.1 Industrial Utilization 

5.L1 Spent wash from a distillery contains high percentage of organic 
and inorganic matter, both in suspended and dissolved form. Removal 
and utilization of these materials iVom tiie waste have become an integral 
part of the waste treatment programme by this industry abroad since many 
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years. Complete recovery of grains in the form of distillers' dried grains 
and distillers' dried solubles as cattle feed, has become an accepted 
practice abroad. Under this method of recovery the slops are passed 
through screens to remove the suspended matter ( grains ), which are then 
treated by pressing to increase the concentration of solid matter to about 
30 percent. The hquor is concentrated in multiple effect evaporators and 
a thick syrup is obtained, which is then mixed with the pressed grain and 
the mixture is dried in driers. Recovery of by-products from grain 
distilleries and using them as cattle feed, solves the disposal problem of the 
distilleries and brings in revenue. 

5.1.1.1 In a process developed in USA by Hiram Walker and Sons 
Inc, the grains are removed from the slops and treated in presses, tiie 
liquor is then concentrated to 45 to 50 percent solids. The pressed grains 
and the concentrated liquor are dried and are known as distillers' dried 
grains and distillers' dried solubles. They have a special value in dairy 
and poultry rations because of their rich protein, fat and vitamin content, 
and lactation factors ^'*'^. 

5.1.2 Mixed feeds are also manufactured, particularly in USA, from 
spent wash of molasses distilleries by a process of concentration. One such 
semi-solid product^ is marketed in USA with 45 percent solid content. 

5.1.3 Boruff* and others have reported on the commercial production of 
riboflavin and other B vitamins and an antibiotic from stillage. 

5.1.4 Some distillers in India are practising recovery of dried yeast 
powder of pharmaceutical quality from spent wash-yeast sludge mixture. 
A plant producing 600 tonnes per year yeast powder is reported to be 
working. 

5.1.5 Bhaskaran' reported that the sludge resulting from aeration of 
distillery waste contained high concentration of vitamin Bjg of the order 
of 800(ig7kg of dry sludge, and this can be used as a supplementary 
animal or poultry feed. 

5.1.6 Potash Recovery 

5.1.6.1 Recovery of potash by concentration and incineration of 
molasses spent wash was practised abroad during the First World War^ 
and up to late thirties. Jackson^ reported recovery of potash from beet 
molasses. In 1945, Reich'*' described a process wherein by dilution, 
acidification and heating of molasses prior to fermentation, about 
88 percent calcium salts could be precipitated as calcium sulphate. 
Activated carbon and salts of potassium and sodium could be obtainrd by 
suitable treatment of spent wash. 

5.1.6.2 By adopting the process developed by Wlli<■'lkeH^ aumionia 
and potash could be recovered iVom dilute spent wash. 
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5,1.6.3 Chakrabartyi.^- and Bhaskaran^^ carried out a pilot plant 
study to recover potassium salts from spent wash of a molasses distillery in 
India. In this process, raw spent wash was neutralized with lime and 
evaporated to about 75 percent solids in a forced circulation evaporator 
under vacuum by duplicating a multiple-effect system. I'hick liquor was 
burnt in an incinerator where the spent wash was converted to a substance 
called ' spent wash coke ', which burnt itself under the grates of the 
incinerator and turned into ash, thereby supplying necessary heat required 
for the incoming thick liquor. The process was continuous and self- 
supporting. The ash was collected and leached with water, by which all 
the soluble potassium and sodium salts dissolved in it, leaving behind iron, 
silica, calcium and other impurities in the residue. The solution was 
alkaline due to the presence of potassium carbonate, which was filtered 
and neutralized with sulphuric acid and further concentrated in the 
evaporator. Potassium salts in the form of chloride and sulphate were 
cry.staUized from the concentrated solution in the crystallizer. 

It has been reported by these workers that for full scale operation, 
prior neutralization of spent wash would not be necessary since the 
evaporator may be made of stainless steel or copper, or it may be copper 
lined. They have also recommended the use of a forced circulation type 
quadruple- effect evaporator instead of a natural circulation type evapora- 
tor, to minimize foaming and scale formation due to the presence of 
calcium sulphate in the spent wash, and economize on steam. The 
concentration of the spent wash should also he limited to 60 percent in 
the evaporator. The final product obtained from the pilot plant had the 
composition shown in Tabic 2. A flow sheet for recovery of potassium 
salts from distillery waste is shown in Fig. 1. It has been claimed that a 
distillery in India producing on an average about 320 kl of spent wash per 
day could recover about 3 85 tonnes of potash ( KjO ), or about 
5-7 tonnes of potassium sulphate and 1*27 tonnes of potassium chloride per 
day. 



TABLE 2 COMPOSITION OF EXTRACTED POTASSIUM SALTS 
FROM SPENT WASH 

Percent 

Potassium chloride ( KCl ) 16'5 

Potassium sulphate ( K1SO4 ) 73'5 

Sodium salts 5'0 

Moisture S'O 
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5.1.7 In a semi-continuous study carried out by Ghosh et o/*' on 
sulphide fermentation of twenty times diluted distillery liquor plus 
0* 1 percent urea and 5 percent gypsum powder, the yield of sulphide was 
observed to be 44- 7 percent and 326 percent of the mass of total carbon 
present in the charge at retention periods of 12 days and 6 days respecti- 
vely. On the basis of the study, they proposed a scheme in which 
treatment of 5 000 litres of the waste should produce 75 000 litres of total 
gas composed of 45 000 litres of methane, 6 000 litres of hydrogen and 
22 500 litres of carbon dioxide; 25'5 kg of elemental sulphur and 21 kg of 
potash could also be recovered. 

5.1.8 A process has been patented by Rastogi and AgarwaU* for 
preparation of a palatable protein digest from distillery sludge. The 
process consists of washing the sludge free from molasses and other soluble 
organic and inorganic impurities, partial autolysis by pressure cooking, 
enzymatic digestion and concentration, and drying under vacuum. The 
preparation thus obtained was a brown powder readily soluble in water. 
The authors claimed that it might be used effectively as a protein supple- 
ment in protein deficiency diseases. 

5.2 Agricultural Utilization 

5.2.1 Irrigation on Land — In India several distilleries located in 
villages and small towns, use their spent wash for irrigation after dilution 
\vith water. But the dilution and land requirement for the purpose are 
high. In addition, this method has the disadvantage of contaminating 
irrigation channels, ground water, and creating foul smell when an 
overdose of the waste was used, and an application of these wastes to 
agricultural land had, therefore, to be restricted. 

5.2.2 The quality of wastes that can be applied on land for irrigation 
purposes has been laid down in IS : 3307-1965* and the degree of dilution 
required for distillery wastes prior to application on land can be worked 
out on the basis of that Indian Standard. 

5.2.3 Feeding Farm Animals — Feeding spent wash yeast sludge and 
concentrated spent wash to animals is also practised on a limited scale. 

5.3 Biological Treatment — Distillery wastes are amenable to biologi- 
cal treatment, both anaerobic and aerobic. Since distillery wastes are of 
high biochemical oxygen demand, normally anaerobic treatment ( pre- 
digestion ) precedes any aerobic biological treatment. 

5.3.1 Anaerobic Processes — The anaerobic treatment of distillery wastes 
can be cither anaerobic digestion or anaerobic lagooning. 



♦Tolerance liiqils for industrial effluents discharged on land for irrigation purposes, 

10 
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5.3.1.1 Anaerobic digestion — Anaerobic digestion of the raw waste 
has been found by various workers to be an excellent method of reducing 
about 90 percent of the biochemical oxygen demand of distillery waste, and 
a burnable gas containing high percentage of methane is also recovered as 
a by-product from this process. The performance of anaerobic digestion 
has been studied by Buswell and Le Bosquet^ s, Stander", Parthasarathy 
et al^'', Davidson and Brown^®, Painter^", Sen and Bhaskaran^", and 
Radhakrishnan ef al^^ and is presented in Table 'i. 





TABLE 3 ANAEROBIC TREATMENT OF DISTILLERY WASTES 




Sl 


Treatment Details 


Influent 


BOD Remo- 


BOD 


Deten- 


Refe- 


No. 




BOD, 


val Effici- 


Loading 


tion 


rence 






mg/1 


ency, 
percent 


kg/m^/day 
( Ib/ft^i/day ) 


Time, 
day 


No. IN 
Appen- 
dix A 


(1) 


(2) 
A. Field Units 


(3) 


(4) 


(5) 


(6) 


(7) 


i) 


Anaerobic digester 


17 000 


69'8 


1-83 (0-114) 


10 


15 


») 


Anaerobic digester 


16 000 


90-0 


2-29 {0-143) 


14-4 


15 


iii) 


Glari-digester 


12 000 


99-6 


3-05 (0-19) 


7-2 


16 


iv) 


Anaerobic lagooning 
B. Pilot Plants 


40 000 


95-0 





66-0 


22 


V) 


Undiluted waste 


26 000 to 
50 000 


89-5 


11-04 (0-608) 


12-0 


17 


vi) 


Undiluted waste 


26 000 to 
50 000 


96-1 


6-64 (0-414) 


8-0 


17 


vii) 


Evaporator conden- 
sate 


600 


85-0 


0-96 ( 0-OG ) 


150 


18 


viii) 


Malt whisky distil- 
lery waste, un- 
diluted 


25 0C0 


95-0 


4-01 (0-25) 


6-0 


19 


ix) 


Molasses distillery 


30 000 


90-0 


3-02 (0188) 


10-0 


20 



5.3.1.2 Anaerobic lagooning — Anaerobic lagooning is cheap and 
effective method of treatment of distillery wastes. Subbarao-^ reported 
95 percent biochemical oxygen demand reduction in an anaerobic lagoon 
treating distillery wastes. 

5.3.2 Aerobic Processes — The conventional aerobic biological processes, 
namely, trickling filters and activated sludge units have been adopted for 
treatment of distillery wastes. Extended aeration can also be adopted for 
treating these wastes, 

U 
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5.3.2.1 Trickling filters — Trickling filters, single-stage or two-stage, 
are adopted for treating either diluted distillery waste or pretreated 
distillery waste as reported by Davidson^^, Schneider^*, Anderson and 
Sawyer^^, Gurnham^^, Hardwick and Roberts^' and Painter^* and 
results are presented in Table 4. Deep trickling filters made of plastics 
media are found to be useful in treating concentrated organic wastes 
including distillery wastes-®. 



TABLE 4 TREATMENT OF DISTILLERY WASTES IN TRICKLING FILTERS 



Sl 
No. 



Details 



(1) (2) 

A. Field Units 

i) 



Single stage (2 m 
deep ) 



Influ- bod bod Hydraulic Refe- 

ENT Removal Loading, Loading, rence 

BOD, Efficiency, Ig/m^/day 1 /ha/day No. in 

mg/1 percent (lb/yd'/ ( million gallons Appen- 

day } per acre/day ) dix A 



(3) 



600 



ii) Two stage ( 1 m deep 445 
each ) 

iii) Two stage { 1 percent 485 
spent wash +99 per- 
cent sewage ) 

iv) Two stage 800 

B. Pilot Plants 

v) Evaporator conden- 240 
sate of distillery 
(Recycle ratio 
11:1) 

vi) Effluents of anaerobic 450 
digestion with BOD 1250 
of 1250 mg/1 with 
and without dilution 



(4) 



(5) 



(6) 



(7) 



91-8 0-45(0-75) 88-0 x 10" (80 ) 23 

88-0 0-96 (1-6) — 24 

95-0 0-96 (1-6) — 25 

70-90 — 36-3xl0«(3'3) 26 

396 0-66 (1-1) 330X10* (30-0) 27 



91-0 0-16 (0-27) 5-5 X 10* (0-5) 28 
84-0 0-45 (0-75) 5-5 X 10" (0-5) 28 



5.3.2.2 Activated sludge process — The performance of activated sludge 
and extended aeration plants for treating diluted or pretreated distillery 
waste has been reported by Bhaskaran', Burkhead^", ^nd Panlette", 
The data is presented in Table 5. 
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TABLE 5 ACTIVATED SLUDGE FOR DISTILLERY WASTES 

( Clause 5.3.2.2 ) 



Sl 
No. 


Details 


Influent 
BOD, 
mg/1 


BOD 

Removal 

Efficiency, 

percent 


Loading, 

kg(1000m»/day 

{ lb/ 1000 ftS/ 

day) 


Deten- 
tion 
Time, 
hours 


Refe- 
rence 
No. in 
Appen- 
dix A 


(1) 


(2) 


(3) 


(4) 


f5) 


(6) 


(7) 


i) 


Predigested distillery 
waste treated in 
activated sludge 


1000 to 
1200 


91 to 94 


■ 


6 to 8 


7 


ii) 


Extended aeration pilot 
plant 


314 to 
564 


77 to 97 


48 to 432 
( 3 to 27 ) 


— 


30 


iii) 


Laboratory work 


700 


90-0 to 95-0 


— 


6 to 24 


31 



6. METHODS RECOMMENDED FOR ADOPTION IN INDIA 

6.1 Byproduct Recovery 

6.1.1 Potash Recovery 

6.1 .2 Vitamin Bi^ Recovery 

6.2 Land Disposal — The spent wash may be treated by an anaerobic 
process such as anaerobic digestion or anaerobic lagooning followed by an 
aerobic process such as activated sludge process, trickling filtration, or 
aerated lagooning and the treated efHuent diluted to have a biochemical 
oxygen demand of less than 500 mg/1 and used for irrigation or disposed 
of on land ( see Fig. 2 ) . 







ANAEROBIC 

LAGOONING 

OR 

ANAEROBIC 

DIOESTION 




SPENT 
WASH 













AEROBIC TREATMENT 

ACTIVATED SLUDGE 

OR 

TRICKLING FILTER 

OR 

AERATED LAGOON 



CONDENSER 
WATER 



MIXING 



FOR LAND 
IRRIGATION 



BOO ^500mg/l 



Fig. 2 Flow Sheet for the Treatment of Spent Wash for 
Disposal on Land 
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6.3 Disposal to Water Course — The spent wash may be treated by 
anaerobic process followed by one of the aerobic processes, such as extended 
aeration, activated shidge process, trickhng filtration or aerated lagooning 
and diluted with condenser waters to keep the BOD of the final effluent 
below 100 mg/1 before disposing of into a water course {see Fig. 3). It 
may be necessary to dilute the influent to the aerobic processes. This can 
be done by using part of the condenser water, 

6.3.1 If suspended solids in the spent wash are high then it is useful to 
separate them, dry and incinerate them or dispose of on land. The 
settled spent wash can then to be taken for biological treatment. 



ALKALI 



PH CORRECTION 



ANAEROBIC 
LAGOONING 
OR 

ANAEROBIC 
DIGESTION 



SPENT WASH 



SETTLING 



SLUDGE 



DEWATERING 
AND DRYING 



EXTENDED AERATION 

OR 

ACTIVATED SLUDGE 

PROCESS 

OR 

TRICKLING FILTER 

OR 

AERATED LAGOONING 



CONDENSER 
WATER 



DRIED 
SLUDGE '■ 



INCINERATION 

OR 

LAND DISPOSAL 



MIXING 



TREATED EFFLUENT 

FOR 

INLAND SURFACE WATER 



Fig. 3 Flow Sheet for the Treatment of Spent Wash for 
Disposal into Inland Surface Water 
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